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REMOVAL OF CONTAMINANTS FROM WASTE WATER 

TECHNICAL FIELD 

This invention relates to the treatment of waste 
water in order to reduce the level of contaminants therein 
and to produce environmentally acceptable products. 

Contaminants removable from water by the process 
of the invention include metals such as lead, copper, iron, 
manganese, cadmium and aluminium, organic contaminants such 
as benzene, aniline, cyclohexane. acryionitrile, kerosene 
and petrol, and also anionic contaminants such as sulphate 
Phosphate, chloride, fluoride, nitrite, arsenate, arsenite.' 
selenate, selenite, chromate. and organic anionic species 
such as oxalate and tartrate, and organc-sulphonates . 
The invention is also effective in removing materials that 
contrxbute to biological oxygen demand (B.O.D., and/or 
chemical oxygen demand (C.O.D.). 
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SUMMAR Y OF THE INVENT T nw 

The invention provides a method of treating waste 
water to remove contaminants therefrom, which comprises 
forming a precipitate of at least one insoluble soap in 
situ and removing the precipitate, said precipitate 
containing at least a portion of at least one contaminant 
In one aspect the process of the invention involves the 
formation of insoluble soaps in situ by the reaction" 
between hard cations such as calcium and magnesium with 
well dispersed fatty acids or fatty acid salts such as the 
sodium salts of short chain saturated "fatty acids (C -C ) 
or long chain unsaturated fatty acids (C 1S to C 22 e.g" c u 
C 18 . 3 >. Long chain saturated fatty acids, f or example 
stearic acid, may also be employed. Sodium oleate is the 
Preferred fatty acid salt for use in the process of the 
present invention. 
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We have unexpectedly found that formation of a 
precipitate by addition of a fatty acid or fatty acid salt 
to a contaminated water in the presence of a hard cation 
under alkaline conditions has the effect of not only 
removing the hard cation, but also removes other 
contaminants as well. Although we do not wish to be 
limited by any hypothetical or postulated mechanism for the 
observed beneficial effect, we believe that in some manner 
whxch is not fully understood, the other contaminants are 
occluded or otherwise carried down with the precipitate and 
so removed with it. Removal of the precipitate may be 
accomplished either by settlement, filtration or flotation 
The overall result is that removal of contaminants is 
accomplished using a sub- stoichiometric amount of reagents, 
and this represents a significant commercial advantage in 
the art of waste water treatment. 

The process of the invention is superior to 
previously know methods of waste water treatment not only 
in economy of reagents, but also in time, as will be 
appaxent from the experimental results reported below. 

We have carried out studies using contaminated 
waste water from the Woodlawn Mine, Tarago, New South 
Wales, Australia (hereinafter "Woodlawn") and from other 
sources . These are discussed below under the following 
25 headings. 

1. Precipitation/Coagulation testwork 
2- Reaction kinetics 

3. Woodlawn reaction kinetics 

4. Sedimentation Testwork 

5 . Flotation Testwork 

6. Removal of Organic Materials, including 
those which contribute to B.O.D. and/or C.O.D. 

7- Removal of anionic contaminants 
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8. Removal of anionic and organic contaminants 
using organic bases 

9. Reagent Recycling 
In the accompanying drawings : 

Figures 1.1, 1.2 and 1.3 illustrate data obtained 
in the sedimentation testwork study (4) . 

Figures 2.1 to 2.6 illustrate data obtained in 
the reaction kinetics study (2) . 

Figures 3.1 to 3.9 illustrate data obtained in 
the Woodlawn reaction kinetics study (3). 

Figure 4.1 is a flowsheet illustrating an 
embodiment of the invention utilising reagent recycling as 
discussed in study (9). 

Figure 5.1 illustrates a further embodiment of 
15 the invention. 
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BACKGROUND OF THE INVENTION 

The problems associated with acidic mine waste 
water in terms of water storage, water treatment and usage 
and mine rehabilitation are well documented and in this 
connection reference may be made to the detailed papers and 
discussions in the proceedings of the International 
Symposium Lisboa 9 0 "Acid Mine Water in Pyritic 
Environments" (September 1990). 

The approach detailed below aims to treat waste 
effluent waters, such as those found as acidic mine water, 
in a chemically efficient and cost effective manner to 
produce a high equality dischargeable water and a solid 
sludge that may be recycled or disposed of in an 
environmentally acceptable package . 

The example below indicates the quality of water that can 
be treated by the process - this particular water is 
produced as acid mine water at the Woodlawn mine at Tarago, 
N.S.W., Australia. 
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TABLE 1. - W&STP. w t vter COMPOSITION fnpm) 



Element North Dam South Dam Lake Rex 

° r 1011 ^^er Water Water 



Cu 

Ph 

Zn 

Fe 

Cd. 

Mn 

Na 

K 

Al 
Ca 
Mg 
SO, 
CI 



100 

1-5 

3000 

200 

12 

13 0 

300 

3 

610 

400 

1700 

16900 

200 



77 
1.4 

1860 
92 
9.3 
84 

370 
2 

355 

390 

920 

9420 

120 



41 

0.2 

737 

41 

5.0 

31 

82 

1 

170 

140 

330 

3880 

550 



PH 
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1. PRECIPITATIO N/ COAGULATION TESTWORK 
Backcrround 

The generation of "hard" soaps in acid mine water 
effluents has been studied in an effort to accomplish the 
removal of heavy metals by occluding them into the 
precipitate formed between hard cations (such as calcium 
and magnesium) and carboxylate. These hard soaps are 
generated by the formation of insoluble calcium and 
magnesium soaps either of the well dispersed fatty acid or 
of the liquid fatty acid salt, for example the sodium or 
potassium salts of short chain saturated fatty acids (C B - 
C 14 ) or long chain unsaturated fatty acids (C 15 -C 22/ e.g.C 18 
C 18 3 ). Long chain saturated fatty acids may also be 
employed. The work conducted to date has focussed on the 
15 use of commercial sodium oleate as the reagent. This is 
primarily due to its unequalled effectiveness as a 
"blanket" removal reagent for a range of metal elements. 
Sodium oleate is also easily handleable as a dilute liquid. 

Examination of the mechanism of precipitation has 
been necessary due to the variation in performance of the 
precipitation as applied to heavy metal removal from acid 
mine waters. Irregularity in the matrix of the feed water 
was observed in testwork to have altered the metal removal 
capabilities of the coagulated precipitate. S/L separation 
25 performance for the generation of a clean dischargeable 
water was also observed to be effected. 

The objective of this testwork was to 
characterise the reaction conditions necessary to 
effectively remove the heavy metals cost effectively whilst 
yielding a water of suitable quality for recycle or 
discharge. This was with particular reference to initial 
calcium concentration required prior to fatty acid addition 
and the type and rate of insoluble sludge formed. 
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Laboratory Pronpri„ r o 

A "live" sample of water from a mine tailings dam 
was used for all the testwork conducted. Analysis of this 
water sample showed the calcium concentration to he around 
30 P pm. upon reagent addition to this sample, a cloudy 
solution was observed. This was unlike previous 
observations with mine water samples where a precipitate 
was seen to form and then coagulate to form a definitive 
solid phase. Analysis of previous water samples showed the 
calcium concentration to be around 150 PP m. 

The calcium concentration prior to fatty acid 
addition was noted to affect the solid phase 
characteristics of the precipitate formed in solution and 
Wee the ability of the precipitate to effectively isolate 
the metal contaminants present in the water into a 
handleable sludge. 

Based on these initial results, a more complete 
study of the calcium concentration, reagent requirements 
and heavy metal removal capabilities was retired to fully 
understand the basis under which the precipitation was most 
cost effective. 

To investigate these reaction criteria, a 
fraction of the "live" water sample was "spiked" with 
calcium sulphate. This effectively increased the soluble 
calcium level from 30ppm to IBOppm. This stock solution 
was then diluted to give varying calcium concentrations 
from IBOppm to 30ppm. These solutions were measured for 
calcium concentration by atomic absorption spectroscopy 
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(AAS) 



Varying quantities of the sodium oleate were then 

added to react with a fraction of the calcium ions present 

The precipitate type and coagulation were noted. The 

precipitate was then filtered anH „„n . 

"icered and the calcium concentration 
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of the filtrate measured by AAS. 

"spi*e d .. t n. SamPleS ° f — -oluticn. were then 

oleate additions were repeated and the resultant 
precipitates filtered and the filtrate lead 

measured by AAS . concentrations 
From these results, the optimum calcium 

^TftdT and sodium oleate r ~ — - 

quantified to give the best result- < n - 

^ resuit m terms of precin-i t-=>«-^ 

formation/coagulation. This could , h k preci P^ate 

• w could then be related to the 

of the reaction. stoichiometry 
Laboratory Result-, 
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ConclURl nng . 



can be made. 
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Base* on the results, the following conclusloM 

initial calcium concentration ln fiol<ition 
important in teiffis of the perfornance of 

coa^latio, step. Precipitates KilI fce formafl ^ 
-tter what the stoichiometry relationship. 

2 ' The amount of free 

the , calcxum xn solution following 

6 = 0aplet ^ <* the reaction with the oleate 
anxon is important tQ ^ coagulatloa 

S o i: ::: on a reaiauai c ^ j 
so t o ioo PPn gives the best coagulation 

m terms of residence time 

*he degree of coagulation in turn effects the 
c.antxtati.e removel of the metal ^ ^ 
case lead, from the aque0 u 8 solution. m the 
case „here the coagulation has occurred ^ 

T stlact solid pbase been *«— - «- 1— 

removal xs to within O.OSppm. Lo „er levels of 
-icxum at a si »il ar reaction stoichi 

-ower coagulation tendencies and do not remove 
the heavy metals to the levels required. 

An operating system for the removal of lead in 

ii::::t deBcribea wouia - — 

concentration xn the order of no - 150rmm ■ 
addition of sodivu, oleate To „ ^ *° 

concentration - effectively lower the lead 

stoiT ^ t0 °-° 5pPn — a sub 

stoichiometric addition of sodium oleate at 10 ,n 

of the initial • °leate at 10 - 20 molar % 

solution an" ZTZ^IT ^ ^ 

oagulatxon process are both important to 
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the removal of the lead ions from solution. The presence 
of the calcium ions appears to have the unexpected effect 
of minimising the reagent requirements for the metal 
removal. This is unlike conventional precipitation 
5 techniques which rely on the total precipitation of 
individual metal species from solution. 

2 .REACTION FTWFTTPP ^ ,PP LIED Tn TO »n^T nF mm mmm „ 

With the success of the removal of heavy metal 
cations from waste waters using sodium oleate, a more 
detailed laboratory study was required to examine the 
factors surrounding the engineering requirements and 
economics of the process. 

Factors that required evaluation were reagent 
addition, residence time and the initial concentration of 
heavy metals in the feed water under continuous flow 
reaction conditions. The initial water system chosen for 
study contained only the lead ion. 
Laborator y Proserin -re 

The objective of the testwork was to follow the 
concentration of lead over time under differing reaction 
conditions of initial lead concentration and reagent 
addition. 

To conduct the work, a "live" water sample from a 
mine site was used for the duration of the testwork. it 
was at a pH of 8 - 9. 

Prom previous batch experimental work, a calcium 
concentration of 150ppm prior to reagent addition was 
required to properly facilitate the precipitate formation. 
Therefore, all experiments were conducted under conditions 
of 150ppm free calcium concentration. 

Initial lead concentrations of 0.2 5 and 0.5 ppm 
were used. These represented discharge levels that are 
considered excessive at the site in terms of license 
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ZTT^' 1634 ^ inCreaS£d in —ration by 

a- ^ition of a B ui^ le of leaa 

The r M5 e=,t addition ranged fro. 0.0( - !.„ 0 „ /r , 
sodium cleat, added as a 5% active solution. 

«n*i rea0ti ° n COndUCtea in - *-o litre beaker 

.ently agitated by a magnetic stirrer to ensure adequate 
-~ng of the reagent in the aqueous system. 

Sub examples of the reaction liguor were taken at 
«»t. levels over a 10 minute time frame. These samples 
10 were then filtered and analysed for lead by 

foT^r 1 " 5 the ciose ptoximity to iiait 

for AAS, cross checks were conducted using ICP 

a funcf reSU " S te " S " ere th6n as 

funct.cn of addition over the ten minute interval at a 
L5 set initial lead concentration. 
Uboral-nry Reanlt-e 
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2-1 to 2.6. 



All testwork results are represented in Figures 



at differing initial lead concentrations at a constant 
sodium oleate dose. The retired discharge level is also 
indicated on each curve at 0.0S ppm. 

Figure 2.1 shows the reagent performance at 0 06 
<r/l -agent addition. This level of reagent addition is 
not sufficient for lead removal to the required levels 
This is due to the levels of precipitate formed in solution 
not being adequate for the occlusion of the contaminant 
10ns into the precipitate. 

By doubling the reagent dosage to 0.12 g /L as 
shown in Figure 2.2, the required lead ievel suitable for 
discharge is reached. This was achieved after a 
residence time of three minutes. It is of interest to note 
that the level of lead remaining in solution remains static 
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after the three minute time interval, similar to that in 
Figure 2.1. 

Similarly for Figures 2.3 - 2.5, the desirable 
lead discharge level is reached after a three minute time 
Period. The final lead level reached at a reagent dosage 
of 0.24 g/L is comparatively lower than that at 0.12 g/L 
The final result is not affected by increasing the reagent 
addition beyond 0.24 g/ L to 0 . 50 g/L as is seen in Figures 
2.4 and 2.5. 

At an addition level of 1.0 g/L, the residence 
retired to achieve the result at a dosage of 0.24 g/L is 
increased to around 10 minutes. This is depicted in Figure 
2.6. This may be due to the decreased free calcium 
concentration in the reaction solution caused by the 
formation of larger quantities of calcium oleate The 
lower free calcium concentration may take a longer time to 
effectively coagulate the precipitate and hence effectively 
remove the contaminant cation from the water. 

The final lead concentration achieved is not 
dependent on the initial lead concentration in the process 
water. At initial lead concentrations of 0.25 and 0.50 
PPm, the final lead concentration is reduced to levels in 
the order of 0.02 Ppm . The residence time required to 

achieve this result is not- a n. n „j 

18 not altered as a consequence of the 

initial lead concentration nor is it affected by the 
reagent addition level up to 1.0 g/L . Tne removal Qf ofcher 
heavy metals was also measured and was shown to be below 
discharge limits. 
Summary 

The above results indicate that under laboratory 

conditions, a level of n o& nit • 

1 OI u - 24 9 /L sodium oleate is required 

to reduce the lead concentration from 0.5 

PPm to 0.02 ppm. This result was achieved after a 

residence time of three minutes in the laboratory reactor 
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system. 

COnClUBi fine 

a xe eid e nC e Re :LTo f T irementB ~ * °* " ^ ^ 

* lower tne leaa co ' 5 miDUteS "~ to effective!, 

O.OSppm. ~"tion to the requirea ^ ^ ^ 

-twor*. — from batch 

0 regents were ^ "r^ 30 — — «- "agent 

The lead removal was alan „ 

Following the success of result* 
lead removal , results from examining 

Wood, Si "" a "V conducted on tne 

^oodlawn process wat ers containing a complex matrix of 
—Hons to examine results ontainanle under Zilar 
reaction conditions. samxlar 

The testwork examined a series af oi 
must be reduced in ^ ■ elements that 

Woodlawn . 

Laboratory Pror. P ri 11T - 0 _ 

A procedure similar to that carried out in 
previous tests was conducted Thi„ ■ , 

reaction as a function of co " Allowing the 

elements over time H\ f- °* -rtain metal 

er time at a fixed reagent addition 

A "live" water sample produced from the Woodlawn 



BNSDOCID: <WO 9316961 A1_l_> 



WO 93/16961 

PCT/AU93/00076 

13 

system was used for „ 

experiments . This solution did not 

6Wlre ^ ln " ease in «l"t» concentration as had been 
necessary for the above system as the calcium concentration 
was at 400 ppm. =ncration 

Figure 3.9 indicates the initial feed metal 

prlor to ana after pH addu — 

and Na !C o, before being used as the feed source for the 

kinetics experiments. 

in k v reaCti ° n " as carri e<3 out in a two litre 

z r chat was gentiy asitacea ty a ^ ■««•*. 

samples were ta*en at minute internals over a ten minute 
Period and filtered before bein 3 analysed by »s. 

A total of ten elements were measured to 
determine what the • . 

15 eonm1 determining" ion was in a more 

J-=> complex system. 

Laborato ry ResuHt-q 

3.1 - 3.8. The r " UltS fr ° m thBBe tSStS " e Sh °™ iD 

Figure 3.1 indicates results from examining 
-0 residual copper concentration in solution as a function of 
differing levels of reagent addition. copper concentration 
for water discharge must be lp P m or Xess by Government 
regulation. Prom Figure 3.1, the initial concentration 
prior to entering the reaction 
5 stage was O.lppm. wel! within the concentrations retired 
The results nonetheless still indicate that the 
residual concentration can be lowered down to 0.03ppm on 
average at a dosage of 0 . 5g/ L active. m comparison to the 
Prevrous results, the reagent retirements are a double to 
achieve a notable reduction in copper concentration. 

Similarly, Figure 3.2 shows the results for 
residual lead concentration. A s for the previous system, a 
residence time of approximately three to four minutes is 
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reared to achieve tha target leaa oonceiitrat , on of 
0.05pp.. Tbis is acWevea afc a aosage Qf o ^ ^ ^ 

the ^-=» nts to achieve the S a^ result as fEom 
previous tests at 0.25 g/L. 

It is concluded that owing to the total metal 
concentration present in the Woodlawn sample, an increase 

» reagent retirements is required to achieve the same 
result . 

The time to reduce the concentration to extremely 
low levels still retires a dosage of 0.5 ff/If but only 
reMS 3 resid — time of appro^ataly one minute. 

Figure 3.4 shows the result for studying the 

residual iron concentration a shn^ ™ • 

* A snort residence of one to 
two minutes at a dosage of 0.25 g, L achieve the result 
rewired of being below a concentration of 0.3ppm. 

The residual concentration of cadmium in the 
reaction system reveals a more complex picture. At a 
dosage of 0 . 5 g/L a minimum residual concentration is 
achieved after a period of four to five minutes. This 
<iu however does not saHafi, 

s not satisfy the requirements for discharge for 

the process water. Figure 3.3 shows that a second reagent 
dosage of 0.5g/ L is retired to lower the final cadmium 
concentration to within acceptable discharge levels. 

This observation is similar to the results found 
for residual manganese concentration as shown in Figure 
3.7. Manganese also requires a second reagent addition of 
0.5 g/ L to achieve the required standard as shown in Figure 
3.8 of 0.05ppm. 

Aluminium levels as depicted in Figure 3.6 are 
also suitably reduced under the same reaction conditions of 
0.5g/ L reagent addition with a residence time of three tc 
four minutes. 
Conclusions 

Based on the observed r PS „i <-o 

cxveo. results, the cation which 
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Presents itself as the "rate determiner" is that of 
cadmium. The recruitments to achieve the discharge 
concentration see a two pass system with each reaction 
consuming o . 5 g /L sodium oleate afc a ^ 
of three to four minutes. 

All other cations in the Woodlawn system would 
meet the discharge requirements if the above kinetics are 
satisfied in the cation removal step. 

In a more complex matrix of contaminants, a 
larger volume of reagent may be required to effectively 
remove contaminants to required levels. 

SEDIMENTATION TRST WORK 

This study aimed to develop a suitable technique 
for the isolation of the precipitate formed in the removal 
of a wide variety of contaminants from waste waters 
This would allow for the isolation of the clean water with 
a handleable sludge that could be disposed of or recycled. 

In this particular study the precipitate formed 
xn situ occupied a volume of between 0.25 and 0.5% by 
weight of the total solution, exhibited hydrophobic 
Properties and had an S.G. of around 1.02. The hydrophobic 
nature of the material gives it a tendency to float upon 
contact with entrained air. However, if air entrainment is 
minimised, the material will slowly settle in water The 
concept of settling or sedimentation was therefore examined 
owing to the natural tendency of the bulk of the particles 
xn the aqueous system to settle. 

Free settling of this type of precipitate would 
normally require vessel (s) of a large surface area owing to 
the very low settling rates of 0 . 5 metres per hour As 
Previously indicated, a fraction of the precipitate formed 
has a tendency to float and does not allow comprehensive 
free settling of the precipitate to take place such that 
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the »ur produced is of suitable quality. 

Operating practices adopted in other industries 
(•-a. Pulp and paper, use clays as a substrate to adsorb 
hydrophobic Materia! hence allowing the bulk Serial 

^ t0 SSttle " -"lerated rates, minimising the 
required surface area for settling. 

This technique was initially examined for this 
system „ith days, ln particular bentonite. The addition 
bentonite was successful in settling the precipitate at 
10 accelerated rates with a resultant clear supernatant. 

However, the physical characteristics of the bentonite made 
it difficult to handle so alternatives were sought 

Fine crushed pyxite, often found as a mine 

15 tT 1 ^ materla1 ' 3 -t«i.i to be used as 

the ads °^ent substrate. This combined 

oleate/pyrite sludge gave rise to settling rates in the 
order of l.s m/nr with acceptable supernatant clarities. 

A "continuous flow- laboratory test was 
undertaken to conduct tests to examine the suitability of 
the sedimentation technique. 

industrial sedimentation practices employ the use 
thrckeners or clarifiers. Thickeners faciiitate the 
concentration of dilute slurries to a pulp of manageable 
density whilst producing an overflow of clean water or 
process liquor. Thickener design is varied dependent on 
the substance being settled and the system it is being 
applied to. 

The unit operation examined for this treatment 
step was that of a High Rate Thickener (HRT) . This unit 
operates using a much smaller surface area than a 
conventional thickener treating the same process flow. The 
H*T also has the advantage of the "sludge bed" principle 
in this technique, material reporting into the centrewell 
« effectively filtered by the settling bed of processed 
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slurry. This helps to remove finer particle. which may not 
have been effectively treated prior to reporting to the 
thicker. This technic may also giTe ^ extenaea 

residence time for the removal of free me tal ions in the 
5 slurry. 

The testwork program examined the parameters 
effecting performance of the thickener such as overflow 
clarity and underflow density under differing operating 
conditions . 
Laboratory Procedure 

A continuous reaction/settling system was 
assembled to conduct the testwork. 

The system comprised two main unit operations, 
the precipitation reaction and the sedimentation step. 

The precipitation was conducted in a two litre 
beaker gently agitated by a magnetic stirrer. Gentle 
agitation was used to minimise air entrainment in the 
Precipitate slurry whilst ensuring adequate contact of 
reagent and water. A residence time of five minutes was 
used for the reaction. The feed flow of contaminated water 
to, and the water/sludge slurry from the reactor were 
matched so as to maintain steady state conditions in the 
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reactor . 

The slurry was then pumped from the reactor at a 
set rate to the thickener. Addition of pyrite followed by 
the addition of a dilute flocculant were carried out 
sequentially in line before the final flocculated slurry 
was presented to the thickener for settling. The 
quantities of flocculant and pyrite used were similar to 
that used in the batch tests. 

An overview of the reaction sequence is 
illustrated in Figure 1.1. 

The reagents were added as the following 
activities : 
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Sodium Oleate 5 % v/v 

Pyrite Slurry i 0 % w/v 

Flocculant 0.025% w/v 

The sedimentation was carried out in a high rate 
thxckener unit. The unit had a diameter of 94mm and 
represented a scaled model of that found in normal 
operating- practice. 

The lab scale thickener unit allowed for 
calculation of flow rate per unit area. This was carried 
out by measuring the overflow launder volume over time 
With a set unit area, a common client (the rise rate) was 
calculated. By ap P l ying the rise rafce fco any ^ ^ 
the diameter of the high rate unit required for that 
application could be calculated. 

Tests examined varying flow rate to the thickener 
at a range of py rite and flocculant addition levels whilst 
maintaining steady state precipitate conditions The 
overflow volume per unit time was then measured while 

sampling the overflow -For- t->^ „ 

errxow for the analysis of suspended solids 

The suspended solids were filtered and then 
dissolved in aqua regia before analysing for iron by AAS 
The xron concentration was then equated back to the pyrite 
level xn mg/L, P y rite being the major constituent of the 
taxlxngs used. Underflow samples were collected 
simultaneously and their densities measured as percent 
solids . 

The data collected gave indication to the 
relationships between operating conditions, water quality 
and estimates of both operating and capital costs for 
concentration of the precipitate by this technique. 
Laboratory Results 

Teatwork initially concentrated on establishing 
the laboratory system to reproduce the results found from 
conducting cylinder testwork. 
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Following initial trial runs under operating 
conditions used in natch tests, the sedimentation technique 
under continuous flow was found to be consistent with 
results generated from batch tests. 

The majority of the testwork was therefore 
Erected on examining the relationship between flocculant 
pyrite and feed flow to the laboratory scale thickener. 

A series of tests were conducted looking at the 
above parameters and their inter-relationship with each 
10 other in the continuous system. 

Results from these tests are depicted in Figure 
1.2. This curve clearly shows the effect of the amount of 
flocculant added to the precipitate slurry as a function of 
feed flow and overflow clarity. it should be noted that 
these tests were conducted at decreasing levels of pyrite 
from 7 - 1.8 g/L and varying flocculant addition of 
10 - 45 Ppm . This dilution of pyrite in the feed slurry 
can be seen in Figure 1.3. A decrease in pyrite 
concentration in the slurry feed may have given a general 
increase in the hydrophobicity of the new slurry as the 
flow increased thus directing a fraction of the fine pyrite 
to the overflow discharge. 

At typical settling rates of 1 . 5 - 2 . 0 metres per 
boor, the flocculated slurry from the tests in an HRT of 
this dimension would not be expected to exceed 500 mL/min 
feed flow. Results from feed flows afc ^ beiow 

show that the overflow suspended solids levels ranged 
between 12 - 2ppm (as pyrite). 

Results from Figure 1.3 show" a similar 
relationship between pyrite added and overflow clarity A 
combination of the two curves shows the conditions required 
to generate the overflow clarities indicated. 
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Conclttsions 



The resuu. ta „ reTealed ^ limitations 
-ploying thi. technique for the concentration Qf 
precipitate into a handleable sludge. 

oon-- * Fir8 " y ' Clarity " M «»■«•«•* to be 

he employed. Therefore, a two stage clari£icat . on 

7 M t0 bS «"*"* - ~^e acceptable „ ater 

clarity. This wouM limlt ^ applioation fcoth 

10 requirements and economics. 

secondly, the volume of sludges produced would be 
economical^ prohibitive owing to the large mass of 
substrate material retired to achieve adequate settling. 

15 i FLOTATION TESTWflpg 

Flotation was an alternative method investigated 
for separation ox the precipitate from the water. 

Backcr ro-nnrT 

>n S ° lid li<3Uid ae P"«ion can be achieved by 

-0 filtration, flotation or sedimentation. owing to the 
hydrophobic nature of the precipitate, the precipitate 
formed has a strong affinity -f ox air hubbies mafcing it 
particularly suitable for adoption to the flotation 
process . 

An investigation into the use of Dissolved Air 
Flotation (DAF) and conventional flotation was carried out 
to quantify the performance of these techniques for the 
removal of the heavy metal containing precipitates. 

The flotation froth produced was filtered and 
then recycled to reform the sodium oleate reagent and to 
produce an aqueous concentrate of the contaminant heavy 
Petals suitable for reprocessing and/or marketing. 

The other product namely calcium sulphate 
produced during the acid hydrolysis of the precipitate can 
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be used as a source of Ca for the feed water if necessary. 

A: DISS OLVED ATR FLOTATTnw 
Background 

Dissolved Air Flotation is a method of water 
purification commonly used in the water treatment industry 
It relies on the "precipitation" of small bubbles to 
collect small particles of suspended matter from solution 
following the injection of pressurised water that has high 
concentrations of dissolved air in it. 

A DAF unit was obtained which consisted of a 
pressurisation cell connected to an open flotation cell of 
capacity about 1.6 litres. 

water was introduced into the pressurisation cell 
and nitrogen used for increasing the pressure in the cell 
to 500 kPa. 

Known volumes (100, 200, 500 & 900 mL) of the 
pressurised water were then injected into the base of the 
flotation cell where the nitrogen "precipitated" in 
solution in a fine array of bubbles thus providing the 
mechanism to float the precipitate. Both the surface 
concentrate and cell water were then sampled and assayed 
for solids concentration. 
Experimental 

A 1000 mL sample of the slurry was used with 
pressurised volumes of 200, 500 & 900 mL being injected. 
The concentrate was sampled after 3, 5 & 10 minute 
intervals, the cell water was sampled immediately 
thereafter. The samples were filtered through GF/C filter 
papers, dried at 110-120°C and weighed. 
Results 

A feed density for the tests was measured to be 
0.33g/100mL of solution (0.33% solids). 

The results are outlined in tabular form below. 
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bul k water u til « to *» t «^ "P™*- the 

k water .tu^ the DiK techniwe . a resia9ao8 tine 

of 10 mnutes was re mlrea to give the reOTlrea 

clarity. 

vol „ T ° aChlSVe toiS * 30% recycle of the water 

t " 3S r ^ irea " a ^ ^lity „ ater 

clanty. A limitlng faotor tQ the -wlOBIiBnt Qf Eh . B 

technique i. the volume of th. recycle water that is 
retired. *, means the potential operatic plant would 
be quite sizeable to effect the separation adequately 
However, if water clarity is a ffllnor factor 

° f " nal th. DAF process is suitable 

as^method of soli^liquid separation for the precipitate 

The experiments have concluded that the DAF 
technique is e ff ective for Qf ^ ^ 

the bu lk water while seneratin s a water of suitable 
clarity. 
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Time after inject, (mins) cone. ( 



10 



wt% CaOl) Water (wt% CaOl ; 



11.5 



14.0 



15.0 



O 1000 mLs feed + 900 mLs N, H, O 



Time after inject, (mins) 




Observations made in these experiments did conclude 
that the small bubble si 2e generated by the DAF technique 
was not ideal for the precipitate separation from the bulk 
solution and that a larger bubble size may be more 
appropriate for the separation required. 



10 



B: CON VENTIONAL FLOTATTOKT 
Background 

Conventional flotation utilises much larger bubbles 
xa the separation of hydrophobic particles from a bulk 
solution. 

Initial experiments were conducted after generating 
the precipitate in a separate reaction vessel prior to 
flotation. 
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The conventional flotation system has some 
advantages over dak 

the bubb, Pressure air is not required and 

bubble s. 2e venerated can be controls by system 
control.. High flow rates do not require large counts of 
floor space. particularly where the slurry has the 
characteristics displayed by the precipitate 

vessel/fl t DSinSr "° tati0n t£ «* - a coined reaction 

Z th ^ ^ adVantaffe ° f ^ - «"y 

out the reason in a simpie batch operation in the 

laboratory to obtain results that would be directly 

correlated to a pilot operation. 

Experimental 

A contaminated water sample containing soluble 
fceavy metals was added to the laboratorv flotation cell 
followed by the required amount of reagent. The cell was 
then agitated at low speed for a period of 2 - 3 minutes 
before increasing the speed and introducing air into the 
system ror a period of 1 minute. A sample of the froth was 
then collected. 

Flotation then proceeded under these conditions 
for a period of 5 minutes. The total froth was then 
■•screened" to improve the 8olidg densifcy ^ ^ 

water was sampled for suspended solids analysis. 
Results 




Helly er 



0.25 



15 - 20 



< 0.02 



The experiments were repeated and the results 
reproducible within the range specified. The remaining 
water was analysed by ICP for heavy metal elements with 
levels below those required for licensed discharge 
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Conclusions 

Based on the experimental results, obtained 
from tests conducted using both DAF and conventional 
flotation, it would appear that the conventional flotation 
5 has advantages . 

The solids density of froth from the 
conventional cell is around .5% greater than the DAF unit 
with a 50% shorter residence time to achieve this result 
The suspended solids level in the water that would be 
discharged is also low with a level less than 0.01%. 

,6. REMOVAL OF ORPHIC MATBBTaT.g FROM WA^ mmn „ 

The process of the invention is also effective 
for the removal of organic materials from waste waters 
The following experimental work relates to this aspect of 
the invention. 

These organic materials included oils and 
partially water soluble organics . 
Procedurp 

Using a standard Denver flotation cell a series 
of tests were carried out as follows: 

Volume of Water (tap water - p H neutral) = l 20 0mL 
Addition 1 - Organic contaminants @ 420 - 43 0 ppm 
Benzene 
Aniline 

Cyclohexane/Acrylonitrile 
Kerosene/Petrol 

Addition 2 - Provide Calcium source 

l.Ogm Calcium Chloride dissolved in 
float cell 
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With air flow off add 10 mL of 5% 



Addition 3 - 
sodium oleate. 

Homogenise for a period of five 
minutes using a slow rotation speed. 
Increase the rotation speed, turn on 
the air and recover the precipitate 
Plus absorbed organic 's by flotation; 
2-3 minutes . 

Results 

After collecting the concentrated Ca oleate sludge 
following flotation, the remaining water was analysed for 
the listed contaminants. 

Results are as follows ; 



15 



Organic Contaminant 



Residual Concentration 



Benzene 



Removed to < lppm 



Aniline 



Removed to < lppm 



Cyc lohexane / Acryloni t ri le 
Kerosene/Petrol 



Removed to app rox . lppm 
Removed to < lppm 



Conclusions 



Based on these short term tests, the Ca oleate 
Precipitate and the mechanism of precipitation allow for 
the Quantitative removal of organic based contaminants from 
5 waste waters . 



REDUCTION OF PTOT.OGICAI, nvvr.^ DEMAND , n n „ 1 

The following data relate to the process of the 
invention as applied to removal of materials contributing 
10 to B.O.D. 
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Background 

The reduction of B.O.D. and suspended solids in 
effluent waters i s of importance to many industries. 
B.O.D. is measured by many Government sewer operators and 
5 charged back to the discharger at a certain rate per mass 
unit . 

Many substances that contribute to B.O.D are 
useful to the discharger and can be reused in the original 
process or sold to alternative users to negate the costs of 
water treatment. 

We have found that the formation and subsequent 
coagulation of hard soaps are also capable of reducing the 
B.O.D. levels significantly. 

The following is an example of the reduction of 
B.o.D. using waste effluent from the fats and oils 
industry. 

Laborat ory Procedure 

A 100 mL sample of the effluent was treated with 
a solution of 15% calcium hydroxide ("milk of lime") to 
adjust the end pH to between 8.5 and 9.0. 
The mixture was stirred with the aid of a magnetic stirrer. 

To the effluent was added a 5% sodium oleate 
solution - at a volume to ensure the final concentration in 
solution was 0.5 g (o f active sodium oleate) per litre of 
25 effluent. 

The solution was allowed to stir for 5 minutes 
before a batch flotation test was undertaken to separate 
the coagulated slurry from the bulk water. 

The water and initial effluent were then 
analysed for B.o.D. utilising a five day biological 
analysis procedure. The mass of sludge, sulphate 
concentration and suspended solids concentration for the 
samples were also determined and recorded. 
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Results 

The results tabulated below indicate the 
capabilities of the process in lowering B.O.D. and other 
contaminants by utilising the process: 

Sludge volu.es ranged fro, 3.2 - 4.2 g/L. This material 
was round to be a useful fuel source owing to its higher 
relative calorific value to that of brown coal 



Total Dissolved 
Solids 



Raw Effluent 
Initial Cone, 
(ppm) 




4200 



Treated Effluent 
Final Cone. 
(PPm) 



200 



10 



15 



Conclusion 

The formation of hard soaps in the presence of 
substances that contribute to B.O.D. has the capability of 
reducing these B.O.D. levels significantly. 

This lower concentration of B.O.D. and other 
elements allows th*» TjT -, , , 

tlle Water to be disposed of at a lower cost 
than the untreated water conveying a substantial cost 
saving onto the end user. Alternatively the water may be of 
a quality in some instances to be recycled to further 
Processing leading to savings in incoming water costs. 

— REMOVAL OF ANIONIC fQNTAMINANT.q 

We shall now discuss the treatment of waste water 
to reduce the level of anionic contaminants therein. 

In accordance with this aspect of the present 
invention there is provided a method of reducing the 
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concentration of an anion present in waste water which 
method comprises adding to the waste water a cation that is 
capable of forming a precipitate with the anion. adding a 
source of calcium or calcium plus magnesium ions to the 
waste water if the concentration of either or both in the 
waste water is insufficient to form a precipitate with a 
soap, adjusting the pH of the water to a level in the range 
from 8 to 10 and dispersing thoroughly in the waste water a 
fatty acid or soluble salt of a fatty acid. 

ThS insolul >le soap precipitated by the process of 
the invention may be removed by filtration settling or air 
flotation. 

Contaminants removed from waste water by the 
process of the present invention include anions such as 
-S sulphate, phosphate, chloride, fluoride, nitrite, arsenate, 
arsenrte, selenate. selenite, chromate and also organic 
anxonic species such as oxalate and tartrate. The cations 
that may be used to precipitate these anions are typically 
hut not exclusively ions derived from calcium, magnesium. 

u strontium and iron tt> 

ana iron. m some cases anions such as organo- 

sulphonates can be Drecin^at-^ w 

oe precipitated by using cationic organic 

nitrogen or organic sulphur compounds. 

The fatty acid may be a saturated fatty acid 
comprising from 8 to 20 carbon atoms or an unsaturated 
fatty acid comprising from 10 to 24 carbon atoms or a 
mixture of the saturated and unsaturated fatty acids. Long 
chain saturated fatty acids may also be employed, and rosin 
acids or resin acids may also be used. Preferred soluble 
..It. of the fatty acids are the alkali metal or ammonium 
salts. The most preferred form of fatty acid is a solution 
of sodium oleate . 

If a fatty acid is added to the waste water it is 
Preferably added in the form of a stable emulsion. m such 
a case the P H may be raised as high as 11. 
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One application of the invention involves the 
rem ° Val ° f Sul ^e ions from waste water. m this case a 
small excess of calcium may be added which results in the 
partial precipitation of these soluble calcium sulphate 
5 On standing the calcium sulphate (gypsum) slowly 

Precipitates primarily on the container walls as a scale 
However if, following the addition of the calcium the pH is 
raised to a level in the range between 8 and 9 and a 
substoichiometric amount of oleic acid as the sodium salt 
10 is added, the calcium oleate formed acts as a 

coprecipitant, flocculant and/or adsorbent for the calcium 
sulphate salt and essentially all of the sulphate is 
efficiently removed from the solution. Excess calcium if a 
problem, can be removed by further additions of oleate. 
15 The follo ^g examples illustrate this aspect of 

the process of the present invention. 
Example 1 

A 1 Lfc aqueous solution of sodium sulphate 
(SO 4 =5000 ppm) at P H 3 was treated with 2.5 g calcium 

20 chloride di-hydrate to give a theoretical stoichiometric 

excess of calcium of approximately 500 ppm. with stirring 
the soluble sulphate level in the. mixture fell to 2200 ppm 
after 2 hrs and continued to fall slowly over several days 
with the formation of a gypsum (calcium sulphate) scale on 

25 the container walls. After 7-8 days the soluble sulphate 
level was still about 800 ppm. 
Example 2 

The experiment was repeated, but after adding the 
calcium chloride di-hydrate and stirring for about 10 mins 
30 the P H was raised to 8.2-8.5 with dilute sodium hydroxide 

and 5 mis 5% sodium oleate solution was added. The mixture 
was stirred for 15 mins and filtered through a coarse 
filter paper. The resulting soluble sulphate level was 125 



ppm 
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Example 3 

The experiment was repeated with the calcium 
oleate being formed stepwise by the addition of 4 mis then 
a further 2 mis of 5% sodium oleate 2 mins later. After 
5 stirring for 10-15 mins to coagulate the precipitate an air 
flotatxon phase separation was carried out to remove the 
solxds and give a solution concentration of 180 ppm 
sulphate. This showed that the fatty acid based 
Precipitation is an efficient scavenge step and gives a 
hydrophobic product which can be readily separated by 
flotation. 
Example 4 

The experiment was repeated with the addition of 
5 ppm of soluble iron, copper, zinc and manganese to the 
sodium sulphate solution. After removal of the calcium 
oleate the sulphate level was 150 Ppm and the iron, copper 
zxnc and manganese levels were at 0.1-0.2 ppm. This showed 
that xn the presence of the calcium sulphate the heavy 
metals were still efficiently removed. 
Examples 5 and ft 

A further experiment with a feed solution of 
sodium phosphate (P0 4 =2000 ppm, was treated with iron and 
calcxum respectively. m the former case the iron 
Phosphate residue was removed by adding about 600 ppm of 
soluble calcium, raising the pH to 8.2-8.5 with sodium 
carbonate or sodium hydroxide solution and then adding a 
sub-stoichiometric amount (30-40%) of sodium oleate with 
stirring to coagulate the precipitate. After filtration 
the phosphate level in solution was 55 ppm. 

With calcium only, it was necessary to raise the 
PH slowly in the P H 6.5-7.5 region to allow the formation 
of the sparingly soluble calcium phosphate salt before the 
oleate addition. m this experiment the soluble phosphate 
level fell to 120 ppm. 
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Example 7 

The phosphate experiment was repeated with the 
add-on of 5 Ppm of soluble CQpper ^ to ^ 

feed. Again after removal of the calcium 

5 oleate/phosphate precinitahe 

Precipitate the heavy metals were present 
at sub 0.2 ppm levels. 

8 . REMOVAL OF A NIQNXC AND ORGANIC ^ Imm>fi nfiTW/3 
ORGANIC BAflBfl " 

The removal of anions (essentially sulphate, 
pbosphate and chloride) is normally achieved by 
crystallise sodium salts. This is expensive in terms of 
both capital and running costs. w e have now developed 
another alternative approach using organic bases, such as 
nxtrogen-containing fatty acid derivatives, to form 
insoluble or partially soluble salts which can be removed 
from the treated waste water. 

Organic bases such as amines (primary, secondary and 
tertxary), amides, diamines and quaternary ammonium 
compounds form insoluble or partially soluble salts with 
sulphate anions in acidic aqueous solutions. Chloride 
salts formed with the organic bases tend to be more soluble 
but some co-removal of chloride with the sulphate 
precipitates is often observed. 
Anion Precipitating Tfrcperim^t-o 

Bench scale experiments were carried out using 
brucxne, benzidine and dodecyl amine . 

(a) to precipitate sulphate from dilute hydrochloric 

acid - only benzidine was successful, however, this 
" esta *lished analytical procedure; the use of 
benzidine is not to be recommended, from a saftey 
viewpoint . 
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Experiments on Woodlawn waste water p H 3.1, so 2 " 
9500ppm, ci- I20ppm. Note: SPCC discharge limits 



are 

2- 



S0 4 - less than 250ppm 
CI" less than 250ppm 
^edure - The reagent was dispersed/dissolved in 
warm dilute hydrochloric acid (2% v/v) and 
approximately lOgms of each amine were added with 
stirring to 1 L of waste water. The precipitate was 
allowed to settle and was removed by decantation and 
filtration. The filtrate was assayed for sulphate. 

The precipitate obtained from the waste water was 
brown (not white as expected for a pure amine 
sulphate) wihch indicated the coprecipitation of 
other species with the sulphate. 
Results : 



20 



Run No. NDW 1 ndw i 

Temperature 40°C 25°c 
Reaction Time 10 mins 10 mins 



NDW 3 
22°C 
30 mins 





S0 4 2 levels 


in ppm 






25 


Benzidine 


120 


50 


30 




Brucine 


300 


200 


100 




Dodecylamine 


350 


200 


100 



30 



After filtration the precipitate was treated with 
Na 2 C0 3 /NaOH at pH 10-11 to recover the amine and to 
solubilise the anions. Recoveries of 85-90% were obtained 
Further Experiment- « o n Sulnhat-g Po^^-. 

Test solutions were prepared from mixtures of 
Sulphuric Acid, sodium Sulphate and Sodium Hydroxide to 
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Sive a 3,000 p pm ^ 10r0fl0 ppm ^ 
values of 3, 5, 7 and 8 . 

A temperature of 30°c was maintained during the 
experiments . 
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The surfactants used were - 

Sodium lauryl sulphate (SLS) 
Alkyl benzene sulphonate (ABS) 
Ligoin sulphonate (LS) 

Dodecylamine (in about 2% solution) was dispersed in 
1* (v/v) HC1 and added in slight excess to the sulphate 
test solutions. These were then stirred for 30 minutes 
The dispersions were treated with 0.2 ml o . 1* surfactant 
and stirred for a further 2 minutes. 

Solid/liquid separation was achieved using an 0 45 
mxcron micro filtration assembly. 
Results 

Feed-3,000 ppm Sulphate Solution 
Filtrate .c?n | ™„+.^ nt ( ppm ) 



Surfactant-. SLS ABS 

pH of feed solution 

3 550 300 

5 350 200 

7 150 200 

8 250 450 



LS 

160 
200 
150 
450 



30 
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Feed-10,000 ppm Sulphate Solution 
Filtrate so, rnn<- 0 r,f (ppm) 



25 



30 



Surfactant SLS 
pH of feed solution 



ABS LS 



3 


600 


250 


150 


5 


300 


200 


200 


7 


100 


300 


130 


8 


250 


500 


400 



10 

The maximum permitted discharge levels for sulphate 
is 250 ppm. The results obtained indicate that low 
sulphate levels can be achieved in aqueous effluents (below 
250 ppm) . 

15 Further Experiment s with Organic Ba RM 

Further tests with industrial waste waters have 
demonstrated that organic bases are capable of removing 
both anions and organic materials that contribute to B.O.D. 
and/or C.O.D. 

20 Experimental 

A sample of waste water from a wool scouring mill 
was used for the experimental work. 

A 1L waste water sample of pH 8-9 was adjusted to pH 
3.5 with 18N H,SO, . 

A total of 0.5g/L of a commercial primary fatty 
amine was then added to this sample and stirred for a 
period of 10 minutes. 

The resulting precipitate was removed from the bulk - 
sample using a conventional flotation technique. The feed, 
and the treated sample were then analysed for B.O.D. , 
suspended solids, sulphate and nitrogen. The results are 
indicated in the table below. 
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The solid sludge remaining after flotation was 
dewatered to yield a solid of 35% moisture. This is 
significantly lower in moisture than many conventional 
sludges formed in the treatment of waste water. The 
results clearly indicate that organic bases are effective 

" rem ° Val ° f b ° th and organic contaminants in 

concert . 
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9 . REA GENT RECYCLING 

A study of reagent recycling was conducted to 
determine the efficiency of the recycling of oleic acid 
from the precipitated salts through the acid compounds and 
back to the soluble reagent. 

The recycling of the reagent was deemed 
necessary to improve the economics of the reagent 
consumption compared to a one off application basis The 
recycling also allowed the contaminant to be concentrated 

111 " fCrm S ° that ifc could ^used in other processes 
where possible. 

Experimental 

A weighed 50 gram fraction of a Ca (Mg) oleate 
precipitate was dispersed in 0.5M H 2 S0 4 in a test tube 
With stirring the salt is decomposed resulting in a 
solution of Mgso., a precipitate of CaSO, and an oleic acid 
oil layer which rose to the surface. The separation of the 
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Phases were assisted by raising the temperature to 40 - 
50o C followed by centrifuging at 1000 rpm for 2 - 3 
minutes . 

The oleic acid formed was carefully removed by 
Pipette, along with a small amount of the oleic/CaSO 
emulsion present. This ensured maximum recovery of Ihe 
oleic acid component. The mixture was then treated with 
10* NaOH to recover the oleic acid as tne soluble sodium 
oleate salt. 

The sodium oleate was then added to a Woodlawn 
acxd mine water sample and the resulting precipitate 
Altered, dried and weighed. The ^constitution of the 
sodxum oleate was repeated. The procedure was repeated 
four times consecutively prior to storage. The experiment 
was repeated one week later on the stored precipitate to 
determine any ageing effects of the precipitate -nay have on 
recycling. 

The results from the testwork are indicated in 
the chart below: 



Number of recycles 


Weight (g) 


Yield(%) 


1 recycle 


46.1 


91.9 



2 recycles 

3 recycles 

4 recycles 
After 1 week then recycle 
Average fatty acid recovery 



39.2 



34 .9 



30.7 



27 . 0 



85. 0 



89.1 



88.0 



87.9 



88 .4 
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Conclusions 

can- * • rSSUltE indi0ate tlMt thS rea3ent «=WU»a 

concept „ capable of re . usin3 . ^ ^ 

° n a C ° ntillUal bMiS - — i«=- - minimising 

the costs per unit volume of the treatment process. 

in the particular embodiment of the invention 
illustrated in Figura contaminated „ ater ^ ^ 

neutralisation vessel 4 toother with lime slurry fee via 

vZir omsouroe3 - 

vessel 4 v.a line 5 to an optional filter 6 f ron „ nioh 
solids are removed via line 7. Overflow from the 
neutralisation vessel 4 passes via line 8 to a high shear 
reagent mixing vessel line S , wnich also receives water 
from the filter 6 via line 10 and recycled sodium oleate 11 

I" llnS 12 • Fr ° m «» — * the mixture passes 

through reaction tanks 13 and 14 to a flotation cell IS 
from which water is removed via line 16 while solids are 
removed via line 17 to a filter 18. Water from the filter 
18 „ removed via line 19 and combined with the water in 
l,ne 16, to constitute the treated water for discharge via 
line 20. solids for recycle leave the filter 18 via line 
21 for acidification and neutralisation in regeneration 
vessel 22 . Regenerated sodium oleate is collected in 
vessel 11 for recycle via line 12 . 

in a further embodiment of the invention 
illustrated in Figure 5.1. acid is added to the waste water 
hefore tbe neutralisation step. m this embodiment 
effluent entering via line 1 is mixed in vessel 2 with an 
acid, suitably suiphuric acid, added via line 3. Overflow 
from vessel 2 passes via line 4 to neutralisation vessel 5 
to which a lime slurry, suitably 15% mil* of lime, is added 

llDe 6 - from the neutralisation vessel 5 

passes via line 7 to a high shear reagent mixing vessel 9 
which also receives the reagent, for example sodium oleate 
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via line 8. From the mixing vessel 9 the reaction product 
passes via line 10 to a flotation cell 11 for solid/liquid 
separation, water for disposal or recycle being removed via 
line 13. Air for the flotation process is supplied via 
5 line 12 and solids- in the form of concentrated sludge are 
removed via line 14 for subsequent separation and 
regeneration of reagent in stages not shown. 

It will be clearly understood that the invention in 
its general aspects is not limited to the specific details 
10 referred to hereinabove. 
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CLAIMS : 



A method of treating waste water to «v e 
contaminants therefrom, which comprises f 
PX.c lpita te of at least one insoluhle soap in sltu ^ 

least a portion of at least one contaminant 
2. A method according to claim 1, ln which the 

contaminants include hard cations such as calcium and/or 
-snesium. and the precipitate is formed hy adding one or 
-re fatt y acids or fatt y acid salts to the waste water 
^ A method according to claim 1 in which the waste 

water contains insufficient hard cations to form an 
effective precipitate and a source of calcium and/or 
magnesium ions is added to the waste water as well as one 

tiie precxpitate. 

*. A method according to claim 1. which comprises 

adding to the waste water at least one fatt y acid or fatt y 
20 acid salt selected f m . i-v ty 
hr- „ „ slect <*> from the group consisting of straight or 
branched chain, saturated or at least mono-unsaturatel 
fatty acids having from 8 to 2 4 carbon atoms, and the 
alkali metal salts thereof. 

5 . * -thod according to claim < which comprises 

adding sodium oleate to the waste water. 
«• A method according to claim 2 . in which the • 

water contains contaminants other than calcium and/or 
magnesium and at least- = ^_ • 

. SaSt a portl °* °f said other contaminants 

xs removed w lt h the precipitate. 

"7. A method accord±lw tQ claim ^ ^ wh . ch ^ 

contaminants in the waste water comprise at least one of 

lead, copper, iron, manganese 

ganese ' cadmium aluminium and 

organic contaminants. 
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c-t»- A " eCh0d a ° 00rainff C ° Cla - 7 m "Mch the cyanic 
con a^nants c^ rlse at leaBt _ Qf 

cyclohexane. acrylonitrile. kerosene, petrol and 
contaminants contribute to b.o.b. and/or C.O.D 
»• A method according to claim 1 i„ which the waste 

water contains anionic contaminants, which comprises adding 
to the waste water a cation that is capable of rowing a 
Preoprtate with the anion, adding a source of calcium or 
calcrum plus magnesium ions to the waste water if the 
concentration of the sai 'fl «i ■ 

ions i„ t-h ° r calci ™> Plus magnesium 

ions in the waste water is insufficient to form a 

level m the range from 6 to 10 and dispersing thoroughly 
therein a fatty acid or solub le salt of a fatty acid. 
10. A method according to claim 9 i n „hi ch the anionic 
contaminants include at least one of sulphate, phosphate. 

e ZIte 6 ' h UOrlde ' Ditrite ' arSenatS ' 
^ and organic anionic species such as 

oxalate and tartrate, and the cations used to precipitate 
these anrons are at least one of calcium, magnesium, • 
strontium and iron. 

11. A method according to claim 10 in which sulphate 
*ons are precipitated from waste water by adding a small 
excess of calcium ions. ra i 8 i ng the pH to a ^ 
and 9. and adding sodium oleate in a sub-stoichiometric 
amount, whereby substantially all of the sulphate is 
precipitated together with the calcium oleate. 
12- A method of treating waste water to remove 
contaminants therefrom, which comprises feeding waste water 
to a vessel in „ h i c h the pH is adjusted by addition of acid 
and/or alkali to a va!ue suitable for the precipitation of 
an msoluble soap, adding a reagent which comprises at 
least one of fatty acid, fatty acid salt, fatty acid amine 
and fatty acid salt, to the pH adjusted water to form a 



BNSDOCID' <WO 9316961A1_I_> 



WO 93/16961 

PCT/AU93/00076 



42 



Precipitate and separating the precipitate; treating the 
separated precipitate by acidification and saponification 
to regenerate the reagent, and recycling regenerated 
reagent to the precipitation step. 

5 



10 



15 
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rr<zc»iv*H K AMENDED CLAIMS 

orin naf ^i • y , he Ir) ternational Bureau on 13 July 1993 (13 07 931- 
original claims 1,3,6 and 12 amended; other claims uncharged (3 "pages)] 

1. A method of treating waste water to remove 

contaminants therefrom, which comprises adding a reagent 
5 which comprises one or more fatty acids, fatty acid salts, 
fatty acid amines and/or fatty acid amine salts to the 
waste water to form a precipitate of at least one • insoluble 
soap in situ and removing the precipitate, said precipitate 
containing at least a portion of at least one contaminant. 
10 2 * A me t*od according to claim 1, in which the 

contaminants include hard cations such as calcium and/or 
magnesium, and the precipitate is formed by adding one or 
more fatty acids or fatty acid salts to the waste water. 
3. A method according to claim 1 in which the waste 

water contains insufficient hard cations to form an 
effective precipitate and a source of calcium and/or 
magnesium ions is added to the waste water as well as the 
said reagent in order to form the precipitate. 
4- A method according to claim 1, which comprises 

adding to the waste water at least one fatty acid or fatty 
acid salt selected from the group consisting of straight or 
branched chain, saturated or at least mono -unsaturated 
fatty acids having from 8 to 24 carbon atoms, and the 
alkali metal salts thereof. 

25 5 ' A metll °a according to claim 4 which comprises 

adding sodium oleate to the waste water. 

6. A method according to claim 2 or claim 3, in 
which the waste water contains contaminants other than 
calcium and/or magnesium and at least a portion of said 
other contaminants is removed with the precipitate. 

7. A method according to claim 6, in which the 
contaminants in the waste water comprise at least one of 
lead, copper, iron, manganese, cadmium aluminium and 
organic contaminants . 
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8- A method according to claim 7 in which the 

organic contaminants comprise at least one of benzene 
aniline, cyclohexane, acrylonitrile, kerosene, patrol 'and 
contaminants contributing to B.O.D. and/or c.O.D. 
9. A method according to claim 1 in which the waste 

water contains anionic contaminants, which comprises adding 
to the waste water a cation that is capable of forming a 
Precipitate with the anion, adding a source of calcium or 
calcxum plus magnesium ions to the waste water if the 
concentration of the said calcium or calcium plus magnesium 
xons a the waste water is insufficient to form a 
Precipitate with a soap, adjusting the p H of the water to a 
level in the range from 8 to 10 and dispersing thoroughly 
therein a fatty acid or soluble salt of a fatty acid. 
15 10 ' A metll °a according to claim 9 in which the 

anionic contaminants include at least one of sulphate 
Phosphate, chloride, fluoride, nitrite, arsenate, arsenite, 
selenate, selenite, chromate, and organic anionic species 
such as oxalate and tartrate, and the cations used to 
20 precipitate these anions are at least one of calcium, 
magnesium, strontium and iron. 

11. A method according to claim 10 in which sulphate 
xons are precipitated from waste water by adding a small 
excess of calcium ions, raising the pH to a level between 8 

25 and 9, and adding sodium oleate in a sub-stoichiometric 
amount, whereby substantially all of the sulphate is 
precipitated together with the calcium oleate. 

12. A method of treating waste water to remove 
contaminants therefrom, which comprises feeding waste water 
to a vessel in which the pH is adjusted by addition of acid 
and/or alkali to a value suitable for the precipitation of 
an xnsoluble soap, adding a reagent which comprises at 
least one of fatty acid, fatty acid salt, fatty acid amine 
and fatty acid amine salt, to the p H adjusted water to form 
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a precipitate and separating the precipitate; treating the 
separated precipitate by acidification and saponif icat: 
to regenerate the reagent, and recycling regenerated 
reagent to the precipitation step. 

5 
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STATEMENT UNDER ARTICLE 19 



Srt^th 1 ' 3 * 6 ^ 12 ° f the i"*™* 0 ™ 1 application are amended concurrently 

^aTcTt^T^ 01 ^ ^T" 3nd invention more clearly from 

the art cited in the International Search Report dated 14 May 1993. 

Claim 1 now specifies that the precipitate is formed by adding a reagent fas defined 
to the waste water. The reagent is defined in conformity with cla^S ( d) 

Stum T refelS t0 S3id reagent "' "* Clahn 6 is a PP ended » 3 as well 

£ " ° f ^ 41 - WOTd ,,amine " was ™ after "acid" 

The cited references JP 52-012.763 and JP 52-012.764 which are almost identical in 
SS"^ t0 ° f WaSte ^ter containing sodium salts fatty adds or^ 

foaming substances with a high BOD load, by adding calcium or ma/nelim7oJ -and 
removing the resulting precipitate before earring oufan activa^Tludge ™ Ce T 

^t T ^^ OSC SU88eSt ^ ™ ° f P-nfln= as 
mj^3^ relates to flotagon Heavy metals are removed from waste water by 

i^S^iL^:^:;. abienc acid dissoived ™ » ™« » ^ 

In SU 1 291.549 a petroleum mazout fraction is added to the waste water to assist in 
increased metal removal by subsequent carbon adsorbent treatment mTilues I 
two-stage treatment, in the first stage of which totally different chemS "fused 

comment' 522 " d * 6 °~ 197294 ^ ^ » CatC ^ °^ and require no 



WO 93/16961 



PCT/AU93/00076 

1/20 




BNSDOCIO <WO 9316961A1J_> 



WO 93/16961 



PCT/AU93/00076 




WO 93/16961 



PCT/AU93/00076 



3/20 




WO 93/16961 



4/20 



PCT/AU93/00076 




WO 93/16^61 



5/20 



PCT/AU93/00076 




BNSDOCID <WO 931696!A1J_> 



WO 93/16961 



6/20 



PCT/AU93/00076 




BNSOOCID: <V/0_93, 6 96tA1 



WO 93/16961 

PCT/AU93/00076 

7/20 




WO'93/169'61 



PCT/AU93/00076 



8/20 




BNSDOCID' <WO 9316961Al_l_> 



WO '93/16961 



10/20 



PCT/AU93/00076 




BNSDOCID:<V/0_93,6961A1 



WO 93/16961 

PCT/AU93/00076 

11/20 




BNSDOCID <WO 931696IA1.L> 



WO 93/16961 



PCT/AU93/00076 



12/20 




BNSDOCID: <WO 9316961AI I > 



WO 93/16961 

13/20 



PCT/AU93/00076 




BNSDOCID <W0_93,6961A1J_> 



WO 93/16961 

PCT/AU93/00076 

14/20 




BNSDOCID <WO 9316961 A1J_> 



WO 93/16961 

PCT/AU93/00076 

15/20 




BNSDOCID: <MO 93!6961A|„|_> 



WO 93/16961 



PCT/AU93/00076 



16/20 




BNSDOCIO <WO 9316961A1J_> 



WO 93/16961 



PCT/AU93/00076 



17/20 




BNSOOCID <WO 931696tAI I > 



WO 93/16961 



PCT/AU93/00076 



18/20 




'D <WO 9316961AI.I » 



WO 93/16961 



19/20 



PCT/AU93/00076 




11 








3 



BNSDOCID: ■ WO 9316961A1 I > 



WO 93/16961 



20/20 



PCT/AU93/00076 



j SUBSTITUTE SHEETj 



BNSDOCID <WO 931 6961 A 1 I > 




CTi 



INTERNAT?ONAL.SEARCH REPORT 



international application No. 
PCT/AU93/00076 



. CLASSIFICATION OF SUBJECT MATTER 
Int. CI.* C02F 1/58; C02F 1/62; C02F 1/64; 

According to International Patent Classification (IPC) or to both national 
B. 



classification and IPC 



FIELDS SEARCHED 



Documentation searched other than 
AU: IPC as above 



minimum documentation to the extent that such document, arc included in the fields 



searched 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Derwent Abstract Accession No. 18771Y/11, Class D15. JP A 52-0127M 
(JAPAN CONS METAL PR) 31 January 1977 (31.07.77) 

Derwent Abstract Accession No. 18772Y/11, Class D15 JP A 52-0177*4 
(JAPAN CONS METAL PR) 31 January 1977 (3^1.77^ ' ^ 

Derwent Abstract Accession No. 87-319456/45, Class D15 SU A 12011 1* 
(ODESS UNIV) 29 February 1987 (29.02.87) SU,A,1293116 

Derwent Abstract Accession No. 87-312498/44 Class D15 <!TI A i-?oi*«m 
(LENGD IND EFFL PURI) 23 February 1987 SU ' A ' 1291549 



I x 1 Further documents are listed 
in the continuation of Box C. 



Relevant to Claim No. 



1-12 



1-12 



1-12 



1-12 



"AH 



Special categories of cited documents : 

document defining the general state of the art which is 
not considered to1>e ofparticular relevance 

,W™ r t <?0CU . m r? lt bx 2 Polished on or after the 
international filing date 

o?^? 6 ?—" 5 !} may tomy/ doubts on priority claim(s) 
?LThi ch ■? 5 ,ted t0 "tablish the publication cfateof W 
another citation or other spec al reason (as SDecified^ 
document referring to an oral discWe, u«. } 
exhibition or other means 

but k m - C , n r t l , pub . 1 i shed -P rior i° the international filing date 
but later than the priority date claimed 



□ 

"X" 



See patent family annex. 



kter document published after the international 
fe&f m l ^ t X not ^conflict 

r^J^£& catl0n "if c fr* *° understand uSe 
principle or theory underlying the invention 
bSES?* ° f P^ ukr rcfcva!,ce; thHESSed 
inveniaon cannot be considered novel or cannot be 
considered to involve an inventive step wh^the 
document is taken alone ^ 
;^ C " mcnt of Particular relevance; the claimed 
£32£S n considered to mvolvTaT 

wventive step when the document is combnVcd 
wiui one or more other such documents, such 
ambulation being obvious to a person skilled in 

document member of the same patent family 



Date of the actual completion of the international search 
10 May 1993 (10.05.93) 



Name and mailing address of the ISA/AU 

WODEN ACT 2606 
AUSTRALIA 

Facsimile No. 06 2853929 



Date of mailing of the international search report 



Authorized officer 



J. B ODEGRA YEN 

tone No 




Telepho 



(06) 2832281 



Form PCT/IS A/210 (continuation of first sheet (2)) (July 1992) copal 



SDOCID- <WO_93i696lAl_l_> 



INTERNATIONAL SEARCH REPORT 



In te rnati onal application No. 
PCT/AUS3/00075 



(^(Continuation). 



Category* 



Citation of document, with indication, where appropriate of the 



refcrant 



passages 



Relevant to Claim No. 



ifT^S^tZ?*^ 1 * 0 ' 91 - 3 15971/43, Class C04D15E14 (E3S) 
SU.A.1627522 (RUBEZHAN DNEPR CHEM) 15 February 1991 (15^91) 

Patent Abstract of Japan, C-331. page 4 IP A 60-197294 
(KOGYO GDUTSUIN) 5 October 1985 (SlSS) 



1-12 
1-12 



Form PCT/IS A/210 (continuation of second shcci)(July 1992) copgil 



<WO 9316961A1J > 



